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Description 

BACKGROUND OF THE INVENTION 

5 [0001] The present invention relates to the field of communications in general and more particularly to bandwidth 
allocation for a downstream channel. 

[0002] With the rise in popularity of the Internet and other bi-directional communication services, new demands have 
been placed upon existing communications infrastructure to support the provision of such services. In light of the typical 
bandwidth limitations of the Public Switched Telephone Network (PSTN) commonly used for communications such as 

10 the Internet data communications, there have been efforts to provide these services over the Cable Television System 
(CATV) system. CATV typically provides a coaxial wired connection from a cable system service provider facility to end 
users. While CATV system has primarily been used to deliver downstream communications from the cable system 
service provider facility to the end users (such as cable television signals), it mayaiso support upstream communications 
from end users to the CATV system provider. The downstream channel (side) is typically a one-to-many distribution 

15 network, the upstream channel is typically a many-to-one distribution network. As providing these services over the 
broadband cable network becomes more popular, bandwidth constraints of even the broadband downstream channel 
of the CATV system may pose problems. 

[0003] Furthermore; as the Internet has been used for different types of media, such as streaming audio and streaming 
video, different levels of service have been used. Generally these different types of service may be categorized based 

20 on Quality of Service (QoS) criteria, such as guaranteed bandwidth, packet loss or the like. However, with a shared 
downstream channel QoS in a CATV system may be difficult, especially, when the system is over subscribed. 
[0004] As mentioned above, the broadband cable network may support multiple classes of service, different traffic 
characteristics, and QoS requirements. QoS is typically supported by packet classification, flow admission, bandwidth 
allocation and buffer management. Flow admission typically requires users who request services at a certain QoS revel 

25 to be admitted or denied access to the system depending on whether the QoS lever can be supported. This generally 
results in either limiting the number of users that can subscribe to the system to the maximum number of users that can 
be supported or denying services to users during peak usage times. Existing systems typically drop low priority packets 
when the system is oversubscribed, and therefore typically sacrifice the QoS of the system. Accordingly, there is a need 
for improved methods of allocating bandwidth in order to preserve the QoS of the system. 

30 [0005] The international patent application WO 99/1 1003 discloses a mechanism for providing a policy-based QoS, 
wherein multiple queues are maintained. A packet forwarding device receives an incoming packet and identifies a traffic 
group to use for the current packet. Then the packet is scheduled for transmission based upon the QoS policy for the 
identified traffic group rather than relying on an end-to-end signaling protocol. 

[0006] The European patent application EP 0 901 301 discloses a dynamic rate control scheduler within an Asynchro- 
35 nous Transfer Mode (ATM) switch. In order to ensure that each ATM traffic stream is provided an appropriate portion 
of the switch bandwidth, the ATM switch determines a respective stream rate that includes two components: a minimum 
guaranteed rate and a share of the excess bandwidth. This allows the ATM switch to provide service according to various 
QoS requirements and to shape rates that account for downstream bottlenecks. 

[0007] Shreedhar and Varghese discloses an approximation of fair queuing, denoted deficit round-robin, in the article 
40 "Efficient Fair Queuing Using Deficit Round-Robin™ in IEEE/ ACM Transactions on Networking, Vol. 4, No. 3, pages 
375-385, June 1996. They use a stochastic fair queuing to assign flowto queues. These queues are then services using 
round-robin with a quantum of service assigned to each queue. If a queue was not able to send a packet in the previous 
round because of a too large packet size, the remainder from the previous quantum is added to the quantum for the 
next round. 

45 

SUMMARY OF THE INVENTION 

[0008] Embodiments of the present invention provide methods systems and computer program products for allocating 
excess and deficit bandwidth among a plurality of queues in a multiple access system. Each of the plurality of queues 

50 is associated with a quality of service and has a corresponding quantum value. An available quantum value based on 
a total amount of committed bandwidth on a downstream channel and a total amount of bandwidth on the downstream 
channel. The quantum values of each of the plurality of queues are updated by an update quantum value corresponding 
to respective ones of the plurality of queues. The update quantum values are based on the available quantum value, a 
total reserved quantum value corresponding to packets enqueued in the plurality of queues for an update period and 

55 the quality of service associated with the respective queue. 

[0009] In particular embodiments of the present invention, the quantum values correspond to the quality of service 
associated with the respective queue. Furthermore, the update period may be constant or variable and may be determined 
by determining the difference between the current time and the time of the last update period. 
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[0010] In particular embodiments of the present invention, the plurality of queues may contain a plurality of packets 
that are processed using a modified deficit round robin algorithm. 

[0011] Furthermore, the available quantum value may be determined by calculating the total amount of committed 
bandwidth on the downstream channel and calculating the total amount of bandwidth on the downstream channel. In 
5 particular embodiments, the difference between the total amount of committed bandwidth on the downstream channel 
and the total amount of bandwidth on the downstream channel is determined to determine the available quantum value. 
[0012] The total amount of committed bandwidth on the downstream channel may also be based on a total amount 
of bandwidth committed to voice traffic, data traffic and signaling traffic. 

[0013] In further embodiments of the present invention, the quantum values are updated by calculating the total 
w reserved quantum value for the update period based on a minimum reserved quantum value of each of the plurality of 
queues and updating the quantum values of each of the plurality of queues by an update quantum value. The update 
quantum value for each of the plurality of queues may be zero when the available quantum value is less than or equal 
to zero. The update quantum value may also be comprise the minimum reserved quantum value for the update period 
increased by an excess quantum value for the update period when the available quantum value is larger than the total 
15 reserved quantum value. The update quantum value may further be the minimum reserved quantum value for the update 
period decreased by a deficit quantum value for the update period when the total reserved quantum value is larger than 
the available quantum value. 

[001 4] The excess quantum value and the deficit quantum value may correspond to the quality of service associated 
with the respective queue. For example, the excess quantum value and the deficit quantum value may be proportional 
20 to the quality of service associated with the respective queue. 

[0015] Embodiments of the present invention may be provided in a broadband multiple access system. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 [0016] 

FIG. 1 is a schematic block diagram of a cable system including a bandwidth allocator according to embodiments 
of the present invention. 

FIG. 2 is a block diagram of the Cable Modem Terminal Server (CMTS) including a bandwidth allocator according 
30 to embodiments of the present invention. 

FIG. 3 is a flow chart illustrating operations for bandwidth allocation according to embodiments of the present 
invention. 

FIG. 4 is a flow chart illustrating operations for processing packets using a Deficit Round Robin (DRR) approach 
according to embodiments of the present invention. 
35 FIG. 5 is a flow chart illustrating operations for bandwidth allocation according to embodiments of the present 

invention. 

FIG. 6 is a flow chart illustrating operations for allocating excess bandwidth according to embodiments of the present 
invention. 

FIG. 7 is a flow chart illustrating operations for allocating bandwidth deficit according to embodiments of the present 
40 invention. 

DETAILED DESCRIPTION 

[0017] The present invention nowwill be described more fully hereinafter with reference to the accompanying drawings, 
45 in which illustrative embodiments of the invention are shown. This invention may, however, be embodied in many different 
forms and should not be construed as limited to the embodiments set forth herein; rather, these embodiments are 
provided so that this disclosure will be thorough and complete, and will fully convey the scope of the invention to those 
skilled in the art. 

[0018] As will be appreciated by one of skill in the art, the present invention may be embodied as a method, data 
50 processing system, or computer program product. Accordingly, the present invention may take the form of an entirely 
hardware embodiment, an entirely software embodiment or an embodiment combining software and hardware aspects 
all generally referred to herein as a "circuit." Furthermore, the present invention may take the form of a computer program 
product on a computer-usable storage medium having computer-usable program code means embodied in the medium. 
Any suitable computer readable medium may be utilized including hard disks, CD-ROMs, optical storage devices, a 
55 transmission media such as those supporting the Internet or an intranet, or magnetic storage devices. 

[0019] Computer program code for carrying out ope rations of the present invention may be written in an object oriented 
programming language such as Java®, Smalltalk or C++. However, the computer program code for carrying out oper- 
ations of the present invention may also be written in conventional procedural programming languages, such as the "C" 
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programming language. The program code may execute entirely on the user's computer, partly on the user's computer, 
as a stand-alone software package, partly on the user's computer and partly on a remote computer or entirely on the 
remote computer. In the latter scenario, the remote computer may be connected to the user's computer through a local 
area network (LAN) or a wide area network (WAN), orthe connection may be made to an external computer (for example, 

5 through the Internet using an Internet Service Provider). 

[0020] The present invention is described below with reference to flowchart illustrations and/or block diagrams of 
methods, apparatus (systems) and computer program products according to embodiments of the invention. It will be 
understood that each block of the flowchart illustrations and/or block diagrams, and combinations of blocks in the flowchart 
illustrations and/or block diagrams, can be implemented by computer program instructions. These computer program 

10 instructions may be provided to a processor of a general purpose computer, special purpose computer, or other pro- 
grammable data processing apparatus to produce a machine, such that the instructions, which execute via the processor 
of the computer or other programmable data processing apparatus, create means for implementing thef unctions specified 
in the flowchart and/or block diagram block or blocks. 

[0021] These computer program instructions may also be stored in a computer-readable memory that can direct a 
15 computer or other programmable data processing apparatus to function in a particular manner, such that the instructions 
stored in the computer-readable memory produce an article of manufacture including instruction means which implement 
the function specified in the flowchart and/or block diagram block or blocks. 

[0022] The computer program instructions may also be loaded onto a computer or other programmable data processing 
apparatus to cause a series of operational steps to be performed on the computer or other programmable apparatus to 
20 produce a computer implemented process such that the instructions which execute on the computer or other program- 
mable apparatus provide steps for implementing the functions specified in the flowchart and/or block diagram block or 
blocks. 

[0023] Embodiments of the present invention will now be described with reference to FIG. 1 which is a block diagram 
of an exemplary cable system including a bandwidth allocator 120 according to embodiments of the present invention. 

25 The exemplary cable network 130 figuratively illustrated in FIG. 1 includes cabling infrastructure such as coaxial cable 
or fiber optic cables connecting the remote subscriber locations to a Cable Modem Tenrni nation System or Cable Modem 
Terminal Server (CMTS) 110. The CMTS 110 can provide services, such as television service, telephone service, Internet 
service and other user services to subscribers of the cable system via a cable modem 140 by transferring data over the 
cable network 130. For example, an end user may access the IP network 100 (Internet) through the cable modem 140 

30 from the user device 1 50. It is understood by those of skill in the art that the user device 1 50 can be one of many devices, 
including a telephone, a television, or a personal computer. It is also understood that although FIG. 1 only shows one 
cable modem 140, in reality an actual cable network, typically, would contain many cable modems. 
[0024] The CMTS 110 manages the services provided to the respective subscribers in the cable system. For example, 
a first subscriber may receive television, telephone and Internet services while a second subscriber may receive only 

35 Internet service. Moreover, different subscribers may receive a different quality of service. For example, a first subscriber 
may receive Internet service at a relatively low bandwidth while a second subscriber may receive Internet service at 
relatively high bandwidth. Accordingly, the CMTS 110 transmits and receives data to and from the cable modems 140 
at the rates associated with the respective subscribers. The cable modems 140 also support telephone and television 
services and may further support such services simultaneously with data communications such as those directed to the 

40 Internet. 

[0025] It will be understood by those of skill in the art, that the data transfers between the CMTS 110 and the cable 
modems 140 may be performed according to standards known in the art. For example, data transfers between the CMTS 
110 and the cable modems 140 may be performed using a time division multiple access (TDMA) technique wherein 
data is transmitted and received over the cable network 130 using channels identified as a pre-defined time slot or slots 
45 at a frequency. The upstream channel may include a plurality of such sub-channels. Standards for the transfer of data 
in cable systems are discussed in the Data Over Cable System Interface Specification (DOCSIS) published by Cable 
Television Laboratories Incorporated. 

[0026] As shown in FIG. 1, the CMTS 110 in the illustrated embodiment includes a bandwidth allocator 120 according 
to embodiments of the present invention. The bandwidth allocator of the present invention may distribute the excess 
50 and deficit bandwidth on the downstream channel to the queues based on the QoS guarantees associated with the 
particular queues. Accordingly, the bandwidth allocator 120 of the present invention may preserve the QoS of the system 
while maximizing the use of available resources. 

[0027] Now referring to FIG. 2, a block diagram of the CMTS 110 including the bandwidth allocator according to 
embodiments of the present invention will be described. Packets arriving at the CMTS 110 may be classified based on 
55 their individual QoS requirements. The packets may then be directed to a queue (210, 215, 220) capable of providing 
the requested level of service. Although the present invention is described with reference to the three-queue system 
shown in FIG. 2 the system may have many more queues, the three-queue system is only exemplary. Once the packets 
are placed in the queues, the queues are processed using operations as described herein for bandwidth allocation to 
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move packets from the queues 210, 215, and 220 to the output queue 225. Embodiments of the present invention 
provide a modified deficit round robin approach for moving packets from the queues 210, 215, and 220 to the output 
queue 225. 

[0028] The present invention is described herein with reference to the cable system shown in FIG. 1 and the CMTS 

5 110 shown in FIG. 2. However, as will be appreciated by those of skill in the art, the present invention is applicable to 
any cable network configuration. Furthermore, the functions of the present invention may be implemented utilizing a 
data processing system operating under software control, as dedicated hardware or a combination of the two. Thus, the 
queues may be implemented as partitions in processing system memory, as FIFO buffer integrated circuits, as locations 
on a storage device such as a hard disk or other storage media or other such devices know to those of skill in the art. 

w [0029] The bandwidth allocator 120 shown in FIGS. 1 and 2 may distribute bandwidth to the individual queues 210, 
215 and 220. Each queue is typically assigned a quantum value which defines the throughput of that particular queue. 
In other words, the quantum value of each queue typically defines the QoS that each particular queue can guarantee. 
The quantum value typically represents the quantity of bandwidth that is assigned to a queue and may be defined in 
terms of a bit value, for example, the quantum values for a queues 210, 215 and 220 may be set to 500 bits, 750 bits 

15 and 1 000 bits, respectively. For a fully loaded system, the sum of the quantum values (bits) of all the queues multiplied 
by the service rate is typically equal to the available bandwidth on the downstream channel 240. When the system is 
underloaded the bandwidth allocator may distribute the excess downstream bandwidth to the queues. When the system 
is overloaded (oversubscribed) the bandwidth allocator may distribute the deficit downstream bandwidth to the queues. 
Each queue may not get allocated the same amount of bandwidth, the distribution of bandwidth is typically done in a 

20 manner that preserves the relative QoS levels of each of the queues. 

[0030] Embodiments of the present invention will now be described with reference to FIG. 3 which is a flow chart 
illustrating operations of the bandwidth allocator 120 according to embodiments of the present invention. The available 
quantum value (available bandwidth) on the downstream channel is determined (block 300). The available quantum 
may be calculated with respect to the total downstream bandwidth and the total committed bandwidth. Committed 

25 bandwidth is that bandwidth which has already been committed to, for example, voice traffic, data traffic, and/or signaling 
traffic. For example, the above variables may be calculated as follows: 

Total Available Quantum = 

30 

(1 .0 - overhead) x (Downstream Bandwidth) - (Committed Bandwidth), 

where 

35 

Committed Bandwidth « Committed Voice Bandwidth + Committed Data Bandwidth 

+ Committed Signaling Bandwidth 

40 

Committed Voice Bandwidth - {For N active service flows} 

= Downstream Maximum Sustained Rate (Voice 
Service Flow 1) + Downstream Maximum Sustained 

45 

Rate (V oice Service Flow 2) . . .+ Downstream 
Maximum Sustained Rate (Voice Service Flow N) 

50 

Committed Data Bandwidth - DC.O + DC.l + DC.2 



Committed Signaling Bandwidth = .1 x Committed Voice Bandwidth 

55 

Overhead is typically the percent of the downstream bandwidth assigned to overhead messaging. The downstream 
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maximum sustained traffic rate may depend on the QoS of the queue and refers to the maximum downstream bandwidth 
per service flow. A service flow is typically the path taken by a packet from the CMTS 1 10 on the downstream channel 
to the user device 150. These service flows may be classified by QoS. Once the available quantum value is calculated 
the quantum value of each queue may be updated by an update quantum value (block 310). 
5 [0031] Once the quantum value of a queue is updated by the update quantum value, the packets in that queue may 
be serviced by first placing them in the output queue and then sending them to their destination on the downstream 
channel. Many approaches may be used to process these packets. Embodiments of the present invention may implement 
a DRR approach to processing the packets in the queues. 

[0032] Deficit round robin (DRR) services the queues using a round robin servicing scheme. Since round robin servicing 
10 is well known to those having skill in the art. Deficit round robin differs from traditional round robin in that a queue being 
processed may not be able to send a packet because its packet size is larger than the quantum value assigned to the 
queue. Furthermore, another queue may be able to send multiple packets whose cumulative bit count is less than the 
quantum value of the queue. 

[0033] Embodiments of the present invention may implement a modified version of the existing DRR approach. Tra- 

15 ditional deficit round robin uses a static quantum value for each priority (QoS). Therefore, if the quantity and size of the 
packets entering the system is either larger or smaller than can be accounted for by a static quantum value, bandwidth 
may either be wasted or bandwidth that is not available on the downstream channel may distributed to the queues and 
QoS is typically lost. To account for these problems with the existing method of processing packets, embodiments of 
the present invention may distribute the excess or deficit bandwidth to the queues based on the QoS of the particular 

20 queues, and therefore may provide variable quantum values for the queues in the system. 

[0034] Now referring to FIG. 4, a flow chart illustrating operations for processing packets using a modified DRR 
approach according to embodiments of the present invention will be described. Each queue typically has a deficit counter 
(DC.0, DC.1, DC.2) that identifies the quantum value of the queue. Each queue may be assigned a different quantum 
value corresponding to a different QoS. In other words, generally the larger the quantum value assigned to a queue, the 

25 greater the QoS guarantee associated with that particular queue. 

[0035] The deficit counter of each of queues 210, 215 and 220 is initially set to zero (block 410). QoS is then set to 
zero (block 420). QoS may be synonymous with priority if the priority of a queue is defined by the QoS of the queue. 
Generally the greater the QoS guarantee the higher the priority. It is determined if queue 210 with QoS = 0 has any 
packets to send (block 430). If queue 210 does not have any packets to send, QoS is set to QoS + 1 (block 475). It is 

30 determined if QoS is less than 3 (block 485). This is done to determine if all queues have been serviced this service 
round. If QoS is less than 3, the operations return to block 430 and the process repeats for QoS = QoS + 1 because the 
service round is not complete. If QoS is greater than or equal to 3, operations return to block 420 which sets the QoS 
back to zero and begins a new service round. 

[0036] If it is determined that queue 210 with QoS = 0 has packets to send, the quantum value of the deficit counter 
35 for this queue (DC.0) is increased by the value that the quantum value is to be updated this update round (Update 
Quantum Value). The update quantum value is typically based on the available quantum value, the total reserved 
quantum value for an update round, and the quality of service associated with each of the queues. The total reserved 
quantum value may be determined with reference to the minimum reserved quantum value of each of the queues at 
each QoS level. The minimum reserved quantum value is typically the quantum value needed to meet the minimum 
40 reserved traffic rate for each QoS (0,1 ,2) data traffic. For example: 

Minimum Reserved Quantum Value 0= Quantum value needed to meet the minimum reserved traffic for QoS 0 
data traffic. 

Minimum Reserved Quantum Value 1 = Quantum value needed to meet the minimum reserved traffic for QoS 1 
45 data traffic. 

Minimum Reserved Quantum Value 2 = Quantum value needed to meet the minimum reserved traffic for QoS 2 
data traffic. 

Therefore, the total reserved quantum value is typically equal to the sum of all of the minimum reserved quantum values. 

50 [0037] The sum of the deficit counter and the update quantum value Is then compared to the maximum possible value 
of the deficit counter for this queue (DC. Max. QoS) (block 440). If this sum is less than the DC.Max.QoS then the deficit 
counter for this queue is set equal to DC.QoS increased by the Update Quantum Value. QoS (block 460). If this sum is 
greater than the DC.Max.QoS then the deficit counter for this queue is set equal to the DC.Max.QoS (block 350). 
[0038] The maximum possible value of the deficit counter for each queue (DC. Max. QoS) is typically determined with 

55 respect to the number of active service flows at the particular QoS of the queue and the maximum sustained traffic rate 
of the downstream traffic for the particular QoS of the queue. As stated above, a service flow is typically the path taken 
by a packet from the CMTS 110 on the downstream channel to the user device 150. Service flows are typically divided 
by QoS. The number of active service flows may be determined with respect to the number of service flows that currently 
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have at least one packet classified to that flow. 

[0039] Once the quantum value of the deficit counter for the queue is set for the current service round, it is determined 
if the size of the first packet in the queue is less than or equal to the quantum value of the deficit counter for that queue 
(block 470). If the first packet is less than or equal to the quantum value of the deficit counter, the first packet in the 
5 queue is serviced (block 480). Once the first packet is serviced the deficit counter is decreased by the size of the 
transmitted packet (block 490). Operations return to block 490 and the process repeats until the size of the packet to 
be sent exceeds the value the deficit counter. 

[0040] When the value of the deficit counter is exceeded by the size of the first packet in the queue, operations proceed 
to block 475 which sets QoS to QoS + 1 . It is determined if QoS is less than 3 (block 485). If QoS is less than 3, operations 

10 return to block 430 and the process repeats for QoS = QoS +• 1 because the service round is not complete. If QoS is 
greaterthan or equal to 3, operations return to block 420 which sets the QoS back to zero and begins a new service round. 
[0041] The calculation of the update quantum value, described above with reference to FIG. 4, may be implemented 
differently depending on whether the system is underloaded or overloaded. When the system is underloaded the update 
quantum value for each queue may be higher than the minimum reserved quantum value for each queue. On the other 

15 hand, when the system in overloaded the update quantum value for each queue may be less than the minimum reserved 
quantum value for each queue. 

[0042] Embodiments of the present invention will now be described with reference to FIG. 5 which is a flow chart 
illustrating operations for bandwidth allocation. Packets arriving at the network request a QoS (block 500). The packets 
are then classified according to their QoS request and directed to a queue capable of meeting the QoS request (block 

20 510). The available quantum value (available bandwidth) on the downstream channel is calculated as discussed above 
with reference to FIG. 4 (block 520). It is determined if the available quantum value is equal to or greaterthan zero (block 
530). In other words, it is determined if there is any available bandwidth on the downstream channel. If there is no 
available bandwidth (the available quantum value is less than zero) then the quantum update value is set to zero (block 
535) because there is no available bandwidth to distribute to the queues. 

25 [0043] If it is determined that the available quantum value is greater than or equal to zero, the total reserved quantum 
value is calculated as discussed above (block 540) and compared to the available quantum value (block 550). If it is 
determined that the available quantum value exceeds the total reserved quantum value, the quantum values of the 
queues are updated using operations for allocating excess bandwidth according to embodiments of the present invention 
(block 560). In otherwords, after meeting the minimum needs of the system, there is extra bandwidth on the downstream 

30 channel which may be distributed to the queues. The excess algorithm will be discussed below with reference to FIG. 
6. If it is determined that the total reserved quantum value exceeds the available quantum value, the quantum values 
of the queues are updated using operations for allocating deficit bandwidth according to embodiments of the present 
invention (block 555). In otherwords, there is not enough bandwidth available on the downstream channel to meet the 
minimum needs of the system. The deficit algorithm will be discussed below with reference to FIG. 7. 

35 [0044] The excess and deficit quantum values may vary with the QoS to be provided to a particular service flow. The 
quantum value is based on the number of packets in the queue and the guaranteed throughput of the queue (QoS of 
the queue). Embodiments of the present invention deal with the situation when the guaranteed throughput is either 
higher or lower than the system throughput. When there is excess bandwidth the guaranteed throughput is lower than 
the system throughput. When there is not enough bandwidth, a deficit, the guaranteed throughput is higher than the 

40 system throughput. 

[0045] Now referring to FIG. 6, a flowchart illustrating operations for allocating excess bandwidth according to em- 
bodiments of the present invention will be described. QoS is set equal to 0 (block 600). The minimum reserved quantum 
value forthe queues with QoS = 0 is calculated (block 610) as discussed above. The minimum reserved quantum value 
0 is the quantum value needed to meet the minimum reserved traffic for QoS 0 data traffic. 

45 [0046] The excess quantum value forthe queues with QoS = 0 is calculated (block 620). The quantum value is typically 
calculated to provide for discrimination between different levels of service, a minimum level of service, fair distribution 
of resources in an over subscribed system and/or optimal distribution in an under utilized system. 
[0047] The quantum calculations may require the CMTS 110 to track, or have access to, the number of active service 
flows and the QoS parameters of all downstream service flows. An active downstream service flow, as defined above, 

50 typically is the number of service flows that currently have at least one packet classified to that flow. The active service 
flows may also be divided by QoS. The number of active service flows may be tracked in a table. Such a table typically 
keeps track of, for example, queue related information such as current priority of each queue, current priority level for 
queue servicing, the number of jobs (requests) in each queue, and the queue from which requests are currently being 
serviced. This table may be referred to as queue priority and service table (QPS table). The QPS, or default value, is 

55 assigned during classification. 

[0048] Each downstream service flow is typically associated with the QoS parameter. The QoS parameter may be 
based on traffic priority, downstream maximum sustained traffic rate, and/or minimum reserved traffic rate. For voice 
traffic the service flow is typically associated with grant size, grant interval, and/or grants per interval. 
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[0049] Referring again to FIG. 6, the update quantum value is set equal to the sum of the excess quantum value and 
the minimum reserved quantum value (block 630). This update quantum value may be used as the update quantum 
value discussed above with reference to FIG. 4 (blocks 440 and 460). The quantum value of the queue with QoS = 0 is 
set equal to the update quantum value (block 640). QoS is set equal to QoS + 1 (block 650). It is determined if QoS is 
5 less than 3 (block 660). If QoS is less than 3, operations return to block 600 and the process repeats for QoS = QoS + 
1 because the update round is not complete. If QoS is not less than 3, operations return to block 600 which sets the 
QoS back to zero and begins a new update round when the update_interval is complete. 

[0050] The quantum values are updated at a time interval equal to update_interval. If this interval cannot be held 
constant, then update_interval may be set to the current time decreased by the last update interval. Here, the last update 

10 interval may be set equal to the current time at the time that the quantum values are updated. 

[0051] Referring now to FIG. 7, a flow chart illustrating operations for allocating deficit bandwidth according to em- 
bodiments of the present invention will be described. QoS is set equal to 0 (block 700). The minimum reserved quantum 
value for queues with QoS = 0 is calculated (block 710). As stated above, the minimum reserved quantum value 0 is 
the quantum value needed to meet the minimum reserved traffic for QoS 0 data traffic. 

15 [0052] The deficit quantum value for the queues with QoS = 0 is calculated (block 720). The quantum value is typically 
calculated to provide for discrimination between different levels of service, a minimum level of service, fair distribution 
of resources in an over subscribed system and/or optimal distribution in an under utilized system. 
[0053] The update quantum value is set equal to the minimum reserved quantum value decreased by the deficit 
quantum value (block 730). This update quantum value may be used as the update quantum value discussed above 

20 with reference to FIG. 4 (blocks 440 and 460). The quantum value for queue with QoS = 0 is set equal to the update 
quantum value (block 740). Then QoS is set equal to QoS ■+• 1 (block 750). It is determined if QoS is less than 3 (block 
760). If QoS is less than 3, operations return to block 700 and the process repeats for QoS = QoS + 1 because the 
update round is not complete. If QoS is not less than 3, operations return to block 700 which sets the QoS back to zero 
and begins a new update round when the update_interval is complete. 

25 [0054] In particular embodiments of the present invention the variables discussed above may be described by the 
following equations. The variables included in the equations may be defined as shown in Table 1 below. 
CASE: Avai lab le_B and width >= 0.0: 
CASE: Available Minimum Quantum Update >= 0.0 

30 

Update Quantum Value. 0 = update_interval x (min_Quant_update_0 +• UU_weight_0 

x DC.0/Committed_Data_BW x Avai!abIe_Bandwdith) 

35 

Update Quantum Value. 1 = update_Jnterval x (min_Quant_update_J + UU_weight_l 

x DC.l/Committed_DataJBW x AvailabIe_Bandwdith) 

40 

Update Quantum Vahie.2 = update_interval x (min_Quaiit_update_2 + UU_weight_2 

x DC.2/CoinnuttedJData_BW x Available_Bandwdith) 

45 WHERE: 

update__interval = (Current_time - Previous_service_time + min_update_interval) 

50 

FOR THIS APPLICATION: 



UU weight J) + UU_weightJ + UU_weight_2 «■ 1.0 

55 
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Min_Quant_Update_0 = Number of Active Service Flows at Priority 0 x 

minimum_re served_traffic_rate 

Min_Quant_Update_l = Number of Active Service Flows at Priority 1 x 

minimum_reserved_traffic_rate 

Min_Quant_Update_2 = Number of Active Service Flows at Priority 2x 

rninimum__re served_trafi!c_rate 

DC.Max.O - (Number of Active Service Flows at Priority 0) x (Dovvnstream 
Maximum Sustained Traffic Rate 0) 

DC.Max.l = (Number of Active Service Flows at Priority 1) x (Downstream 
Maximum Sustained Traffic Rate 1) 

DC.Max.2 *= (Number of Active Service Flows at Priority 2) x (Downstream 
Maximum Sustained Traffic Rate 2) 

CASE: Available_Bandwidth < 0.0 
IF 

Downstream Maximum Sustained Rate (Voice Service Flow 1) + Downstream Maximum Sustained Rate (Voice Service 
Flow 2) + ... Downstream Maximum Sustained Rate (Voice Service Flow N) + (OU_weight_0 x Number of Active Service 
Flows at Priority 0 x minim um_reserved_traffic_rate_0) + (OU_weight_1 x Number of Active Service Flows at Priority 1 
x minimum_reserved_traffic_rate_1) + (OU_weight_2 x Number of Active Service Flows at Priority 2 x 
minimum_reserved_traffic_rate_2) <= Available Bandwidth 
THEN 

Update Quantum Value.O = 

update_interval x (OU_weight_0 x Number of Active service Flows at Priority 0 x 
minimum_reserved_trafrlc__rate_0) 

Update Quantum Value. 1 = 

update_interval x (OU_weight_l x Number of Active service Flows at Priority 1 x 
minimum_reserved_trafilc_rate_ 1 ) 
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Update Quantum Value.2 = 

update_interval x (0U_weight_2 x Number of Active service Flows at Priority 2 x 
mirumum_reserved_traffic_rate_2) 

WHERE 

update_interval - (Currentjtime - Previous__service_time + min_update_interval) 

For this implementation: 

OU_weight_0 = OU_weight_1 = OU_weight_2 

OU_weight_0 = 

(Downstream_Bandwidth - Committed_Voice_BW - Committed _Signaling_BW) ^(Committed_Data_Bandwidth) 



Table 1 



20 


Variable 


Comment 


DC.QoS 


Value of the Deficit Counter for each priority. Priority ={0,1 ,2} 




DC.Max.QoS 


Maximum Value of the deficit counter for each priority. Priority = 
in 1 s>i 


25 


Update Quantum Value. QoS 


The value the deficit counter is updated at each update cycle. 

Prinritv —10 1 91 

~l IUI ILy — ^U, 1 




A\/3 i la hi 1 a Ran rlxn/ir'Jt h 
rWa\l IdUlc Dai 1 UWIUU 1 


Ddi I uwiuu I dVdiidUic lu ooiicuuic new uaia iidinu 




UUWI loLieellTl Dal 1UWIULI 1 


I ULdi Ddi iuwiulm dVdiiduic un Liie uuwi iiiiiiv 


30 


Committed_BW 


Total committed bandwidth 




Committed_Data_BW 


Bandwidth currently committed to transmit Data 




Committed_Voice_BW 


Bandwidth currently committed to transmit Voice 


35 


Committed_Signaling_BW 


Bandwidth currently committed to transmit Signaling 


Minimum Reserved Quantum Update. 0 


Quantum update needed to meet minimum reserved traffic rate 
for priority 0 data traffic 


40 


Minimum Reserved Quantum Update. 1 


Quantum update needed to meet minimum reserved traffic rate 
for priority 1 data traffic 


Minimum Reserved Quantum 


Quantum update needed to meet minimum reserved 




Update.2 


traffic rate for priority 2 data traffic 




Update Quantum Value. 0 


Amount priority (QoS) 0 quantum is updated 


45 


Update Quantum Value. 1 


Amount priority (QoS) 1 quantum is updated 




Update Quantum Value.2 


Amount priority (QoS) 2 quantum is updated 




Overhead 


Percent of downstream bandwidth assigned to overhead 
messaging 


50 


Downstream_symbols_per_sec 


Symbol rate of downstream 




Bits_Symbol 


Bits per downstream symbol 


55 


Downstream max sustained rate 


QoS parameter defining the maximum Downstream Bandwidth 
per service flow 


Downstream min reserved traffic rate 


QoS parameter defining the minimum Downstream bandwidth 
per service flow 
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Table continued 



V/ ariQ V\ I o 
VallalJIc 


OUITIIIlcIll 


Update_interval 


Time between Quantum updates 


M i n_u pdate_i nte rval 


A constant added to the updatej nte rval to create a minimum 
quantum update 


UU_weight_0 


Distribution weight given to excess bandwidth for priority 0 Best 
Effort service 


UU_weight_1 


Distribution weight given to excess bandwidth for priority 1 Best 
Effort service 


UU_weight_2 


Distribution weight given to excess bandwidth for priority 2 Best 
Effort service 


OU_weight_0 


Distribution weight given to deficit bandwidth for priority 0 Best 

r— ffnrt corv/ir^P 

L_IIUIL oCIVILC 


OU_weight_1 


Distribution weight given to deficit bandwidth for priority 1 Best 
Effort service 


UU_weight_2 


Distribution weight given to deficit bandwidth for priority 2 Best 
Effort service 


Number of Active Service Flows (Voice and Data) 


Active Service Flows 



25 [0055] The flowcharts and block diagrams of Figures 1 through 7 illustrate the architecture, functionality, and operation 
of possible implementations of systems, methods and computer program products for allocating bandwidth according 
to various embodiments of the present invention. In this regard, each block in the flow charts or block diagrams may 
represent a module, segment, or portion of code, which comprises one or more executable instructions for implementing 
the specified logical function(s). It should also be noted that, in some alternative implementations, the functions noted 

30 in the blocks may occur out of the order noted in the figures. For example, two blocks shown in succession may, in fact, 
be executed substantially concurrently, or the blocks may sometimes be executed in the reverse order, depending upon 
the functionality involved. 

[0056] In the drawings and specification, there have been disclosed typical illustrative embodiments of the invention 
and, although specific terms are employed, they are used in a generic and descriptive sense only and not for purposes 
35 of limitation, the scope of the invention being set forth in the following claims. 



Claims 

40 1. A method of allocating bandwidth among a plurality of queues (210, 215, 220), wherein each of the plurality of 
queues (210, 215, 220) is associated with a quality of service and has a corresponding quantum value, the method 
comprising the step of: 

calculating a total reserved quantum value corresponding to packets enqueued in the plurality of queues (210, 
45 21 5, 220) for an update period based on a minimum reserved quantum value of each of the plurality of queues 

(210,215,220); 

determining an available quantum value based on a total amount of committed bandwidth on a downstream 
channel (240) and a total amount of bandwidth on the downstream channel (240); 

determining, for each of the plurality of queues (210, 215, 220), a respective update quantum value based on 
50 the available quantum value, the total reserved quantum value and the quality of service associated with the 

respective queue (210, 215, 220); and characterized by: 

updating the quantum values of each of the plurality of queues (210, 215, 220) by the respective update 
quantum value that allocates excessive bandwidth among the plurality of queues (21 0, 21 5, 220) when the 
55 available quantum value is larger than the total reserved quantum value, and allocates deficit bandwidth 

among the plurality of queues (210, 215, 220) when the available quantum value is smaller than the total 
reserved quantum value. 
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2. The method according to Claim 1 , characterized in that the quantum values correspond to the quality of service 
associated with the respective queue (210, 215, 220). 

3. The method according to Claim 1 , characterized in that the step of determining the available quantum value 
5 comprises the steps of: 

calculating the total amount of committed bandwidth on the downstream channel (240); 
calculating the total amount of bandwidth on the downstream channel (240); and 

determining the difference between the total amount of committed bandwidth on the downstream channel (240) 
10 and the total amount of bandwidth on the downstream channel (240). 

4. The method according to Claim 3, characterized in that the step of calculating the total amount of committed 
bandwidth on the downstream channel (240) is based on a total amount of bandwidth committed to voice traffic, 
data traffic and signaling traffic. 

15 

5. The method according to Claim 1, characterized in that said respective update quantum value comprising: 

a value of zero when the available quantum value is less than zero; 

the minimum reserved quantum value for the update period plus an excess quantum value for the update period 
20 when the available quantum value is larger than the total reserved quantum value; and 

the minimum reserved quantum value for the update period minus a deficit quantum value for the update period 
when the total reserved quantum value is larger than the available quantum value. 

6. The method according to Claim 5, characterized in that the excess quantum value and the deficit quantum value 
25 correspond to the quality of service associated with the respective queue(21 0,21 5,220). 

7. The method according to Claim 5, characterized in that the excess quantum value and the deficit quantum value 
are proportional to the quality of service associated with the respective queue (210, 215, 220). 

30 8. The method according to Claim 1 , characterized in that the method is implemented in a broadband multiple access 
system (1 1 0). 

9. The method according to Claim 1, characterized in that the update period is a constant update interval. 

35 10. The method according to Claim 1, characterized in that the update period is not a constant update interval. 

11. The method according to Claim 1 0, characterized in that the update period is a current time minus a time of the 
last update period. 

40 12. The method according to Claim 1 , characterized in that the plurality of queues (21 0, 215, 220) contain a plurality 
of packets that are processed using a deficit round robin algorithm. 

13. A system (110) for allocating bandwidth comprising: 

45 a plurality of queues (210, 215, 220), each of the plurality of queues (21 0, 215, 220) being associated with a 

quality of service and having a corresponding quantum value, configured to store packets arriving from the 
network; 

an output queue (225) configured to receive packets from the plurality of queues (210, 215, 220) and forward 
them to a channel (240); 

50 a bandwidth allocator circuit (120) configured to classify received packets based on quality of service require- 

ments and direct the packets to one of the plurality of queues (21 0, 21 5, 220) and comprises a quantum calculator 
circuit configured to calculate a total reserved quantum value corresponding to packets enqueued in the plurality 
of queues (210, 215, 220) for an update period based on a minimum reserved quantum value of each of the 
plurality of queues (210, 215, 220), the bandwidth allocator circuit (120) further comprising: 

55 

a bandwidth differential circuit configured to determine an available quantum value based on a total amount 
of committed bandwidth on a downstream channel (240) and a total amount of bandwidth on the downstream 
channel (240); and characterized by the bandwidth allocator circuit (120) further comprising: 
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a quantum updating circuit configured to update the quantum values of each of the plurality of queues 
(21 0, 21 5, 220) by an respective update quantum value corresponding to respective ones of the plurality 
of queues (21 0, 21 5,220), the respective update quantum values being based on the available quantum 
value, the total reserved quantum value and the quality of service associated with the respective queue 
5 (210, 215, 220) and the respective update quantum values allocate excessive bandwidth among the 

plurality of queues (210, 215, 220) when the available quantum value is larger than the total reserved 
quantum value and allocate deficit bandwidth among the plurality of queues (21 0, 21 5, 220) when the 
available quantum value is smaller than the total reserved quantum value. 

10 14. The system to Claim 13, characterized in that the quantum values correspond to the quality of service associated 
with the respective queue (210,215,220). 

15. The system according to Claim 13, characterized in that bandwidth differential circuit comprises: 

15 a bandwidth calculator circuit configured to calculate the total amount of committed bandwidth on the downstream 

channel (240) and the total amount of bandwidth on the downstream channel (240) and the difference between 
the total amount of committed bandwidth on the downstream channel (240) and the total amount of bandwidth 
on the downstream channel (240). 

20 16. The system according to Claim 15, characterized in that the bandwidth calculator circuit (120) is further configured 
to calculate the total amount of committed bandwidth on the downstream channel (240) based on a total amount of 
bandwidth committed to voice traffic, data traffic and signaling traffic. 

17. The system according to Claim 13, characterized in that the respective update quantum value for each of the 
25 plurality of queues (21 0, 215, 220) comprises: 

a value of zero when the available quantum value is less than zero; 

the minimum reserved quantum value for the update period plus an excess quantum value for the update period 
when the available quantum value is larger than the total reserved quantum value; and 
30 the minimum reserved quantum value for the update period minus a deficit quantum value for the update period 

when the total reserved quantum value is larger than the available quantum value. 

18. The system according to Claim 17, characterized in that the excess quantum value and the deficit quantum value 
correspond to the quality of service associated with the respective queue (210, 215, 220). 

35 

19. The system according to Claim 17, characterized in that the excess quantum value and the deficit quantum value 
are proportional to the quality of service associated with the respective queue (210, 215, 220). 

20. The system according to Claim 1 3, characterized in that the system (1 1 0) is a broadband multiple access system. 

40 

21. The system according to Claim 13, characterized in that the update period is a constant update interval. 

22. The system according to Claim 13, characterized in that the update period is not a constant update interval. 

45 23. The system according to Claim 22, characterized in that the update period is a current time minus a time of the 
last update period. 

24. The system according to Claim 13, characterized in that the plurality of queues (210, 215, 220) contain a plurality 
of packets that are processed using a deficit round robin algorithm. 

50 

25. A computer program product for allocating bandwidth among a plurality of queues (210, 215, 220), wherein each 
of the plurality of queues (21 0, 215, 220) is associated with a quality of service and has a corresponding quantum 
value, comprising: 

55 a computer readable program medium having computer readable program code embodied therein, the computer 

readable program code calculates a total reserved quantum value corresponding to packets enqueued in the 
plurality of queues (210, 215, 220) for an update period based on a minimum reserved quantum value of each 
of the plurality of queues (21 0, 215, 220); 
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computer readable program code which determines an available quantum value based on a total amount of 
committed bandwidth on a downstream channel (240) and a total amount of bandwidth on the downstream 
channel (240); 

computer readable program code which determines, for each of the plurality of queues (210, 215, 220), a 
5 respective update quantum value based on the available quantum value, the total reserved quantum value and 

the quality of service associated with the respective queue (21 0,215, 220); and characterized by 
computer readable program code which updates the quantum values of each of the plurality of queues (210, 
215, 220) by the respective update quantum value that allocates excessive bandwidth among the plurality of 
queues (210, 21 5, 220) when the available quantum value is larger than the total reserved quantum value, and 
10 allocates deficit bandwidth among the plurality of queues when the available quantum value is smaller than the 

total reserved quantum value. 



Revendi cations 

15 

1. Precede d'attribution de largeur de bande a une pluralite de files d'attente (210, 215, 220), dans lequel chacune, 
dans la pluralite de files d'attente (210, 215, 220), est associee a une qualite de service et possede une valeur de 
quantum correspondante, le procede comprenant les etapes consistant a : 



20 calculer une valeur de quantum reservee totale correspondant aux paquets mis en file d'attente dans la pluralite 

de files d'attente (21 0, 215, 220), pour une periode de mise a jour, sur la base d'une valeur de quantum reservee 
minimale de chacune de la pluralite de files d'attente (21 0, 21 5, 220) ; 

determiner une valeur de quantum disponible sur la base d'une quantite totale de largeur de bande attribuee 
sur un canal descendant (240) et d'une quantite totale de largeur de bande sur le canal descendant (240) ; 
25 determiner, pour chacune de la pluralite de files d'attente (210, 215, 220), une valeur respective de quantum 

de mise a jour sur la base de la valeur de quantum disponible, de la valeur de quantum reservee totale et de 
la qualite de service associee a la file d'attente respective (210, 215, 220) ; 
et caracterise par I'etape consistant a : 

30 mettre a jour les valeurs de quantum de chacune de la pluralite de files d'attente (21 0, 21 5, 220), a I'aide 

de la valeur respective de quantum de mise a jour, qui alloue la largeur de bande excedentaire a la pluralite 
de files d'attente (210, 215, 220) lorsque la valeur de quantum disponible est superieure a la valeur de 
quantum reservee totale et qui alloue la largeur de bande deficitaire a la pluralite de files d'attente (210, 
215, 220) lorsque la valeur de quantum disponible est inferieure a la valeur de quantum reservee totale. 

35 

2. Procede selon la revendication 1, caracterise en ce que les valeurs de quantum correspondent a la qualite de 
service associee a la file d'attente (210, 215, 220) respective. 

3. Procede selon la revendication 1 , caracterise en ceque I'etape de determination de la valeur de quantum disponible 
40 comprend les etapes consistant a : 

calculer la quantite totale de largeur de bande attribuee sur le canal descendant (240) ; 
calculer la quantite totale de largeur de bande sur le canal descendant (240) ; et 

determiner la difference entre la quantite totale de largeur de bande attribuee sur le canal descendant (240) et 
45 la quantite totale de largeur de bande sur le canal descendant (240). 

4. Procede selon la revendication 3, caracterise en ce que I'etape de calcul de la quantite totale de largeur de bande 
attribuee sur le canal descendant (240) est basee sur une quantite totale de largeur de bande attribuee au trafic 
vocal, au trafic de donnees et au trafic de signalisation. 

50 

5. Procede selon la revendication 1 , caracterise en ceque ladite valeur respect ivede quantum demise a jour contient : 

une valeur nulle lorsque la valeur de quantum disponible est inferieure a zero ; 

la valeurde quantum reservee minimale pour la periode de mise a jour, plus une valeur de quantum excedentaire 
55 pour la periode de mise a jour, lorsque la valeur de quantum disponible est superieure a la valeur de quantum 

reservee totale ; et 

la valeur de quantum reservee minimale pour la periode de mise a jour, moins une valeur de quantum deficitaire 
pour la periode de mise a jour, lorsque la valeur de quantum reservee totale est superieure a la valeur de 
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quantum disponible. 

6. Precede selon la revendication 5, caracteriseen cequelavaleurde quantum excedentaire et la valeurde quantum 
deficitaire correspondent a la qualite de service associee a la file d'attente (21 0, 215, 220) respective. 

5 

7. Precede selon la revendication 5, caracteriseen ce que la valeurde quantum excedentaire et la valeurde quantum 
deficitaire sont proportionnelles a la qualite de service associee a la file d'attente (210, 215, 220) respective. 

8. Precede selon la revendication 1 , caracterise en ce que le procede est mis en oeuvre dans un systeme d'acces 
io multiple a large bande (1 1 0). 

9. Procede selon la revendication 1 , caracterise en ce que la periode de mise a jour est un intervalle constant de 
mise a jour. 

*5 1 o. Procede selon la revendication 1 , caracterise en ce que la periode de mise a jour n'est pas un intervalle constant 
de mise a jour. 

11. Procede selon la revendication 10, caracteriseen ce que la periode de mise a jour est une heure courante moins 
I'heure de la derniere mise a jour. 

20 

1 2. Procede selon la revendication 1 , caracterise en ce que la pluralite de files d'attente (210, 21 5, 220) contient une 
pluralite de paquets qui sonttraites en appliquant un algorithme de tourniquet avec deficit (« Deficit Round Robin »). 

13. Systeme (110) destine a allouer la largeur de bande, comprenant : 

25 

une pluralite de files d'attente (210, 215, 220), chacune, dans cette pluralite de files d'attente (210, 215, 220), 
etant associee a une qualite de service et possedant une valeur de quantum correspondante, configurees pour 
stocker des paquets qui arrivent du reseau ; 

une file d'attente de sortie (225) configuree pour recevoir des paquets de la pluralite de files d'attente (210, 

30 21 5, 220) et pour les transferer vers un canal (240) ; 

un circuit d'attribution de largeur de bande (120) configure pour classer des paquets recus sur la base des 
exigences de qualite de service et pour diriger les paquets vers Tune de la pluralite de files d'attente (21 0, 215, 
220), comprenant un circuit de calcul de quantum configure pour calculer une valeur de quantum reservee 
totale correspondant aux paquets places dans la pluralite de files d'attente (210, 215, 220) pour une periode 

35 de mise a jour, sur la base d'une valeur de quantum reservee minimale de chacune d'une pluralite de files 

d'attente (210, 215, 220), le circuit d'attribution de largeur de bande (120) comprenant en outre : 

un circuit differentiel de largeur de bande configure pour determiner une valeur de quantum disponible sur 
la base d'une quantite totale de largeur de bande attribuee sur un canal descendant (240) et d'une quantite 
40 totale de largeur de bande sur le canal descendant (240) ; et caracterise en ce que le circuit d'attribution 

de largeur de bande (120) comprend en outre : 

un circuit de mise a jour de quantum, configure pour mettre a jour les valeurs de quantum de chacune 
de la pluralite de files d'attente (210, 215, 220) a I'aide d'une valeur respective de quantum de mise a 

45 jour correspondant a des files respectives de la pluralite de files d'attente (21 0, 215, 220), les valeurs 

respectives de quantum de mise a jour etant basees sur la valeur de quantum disponible, sur la valeur 
de quantum reservee totale et sur la qualite de service associee a la file d'attente (210, 215, 220) 
respective, les valeurs respectives de quantum de mise a jour attribuant la largeur de bande exceden- 
taire a la pluralite defiles d'attente (21 0, 215, 220) lorsque la valeur de quantum disponible estsuperieure 

50 a la valeur de quantum reservee totale et attribuant la largeur de bande deficitaire a la pluralite de files 

d'attente (210, 21 5, 220) lorsque la valeur de quantum disponible est inferieure a la valeur de quantum 
reservee totale. 

14. Systeme selon la revendication 13, caracterise en ce que les valeurs de quantum correspondent a la qualite de 
55 service associee a la file d'attente (21 0, 215, 220) respective. 

15. Systeme selon la revendication 13, caracterise en ce que le circuit differentiel de largeur de bande comprend : 
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un circuit de calcul de largeur de bande configure pour calculer la quantite totale de largeur de bande attribute 
sur le canal descendant (240) et la quantite totale de largeur de bande sur le canal descendant (240), ainsi que 
la difference entre la quantite totale de largeur de bande attribute sur le canal descendant (240) et la quantite 
totale de largeur de bande sur le canal descendant (240). 

5 

16. Systeme selon la revendication 15, caracterise en ce que le circuit de calcul de largeur de bande (120) est en 
outre configure pour calculer la quantite totale de largeur de bande attribute sur le canal descendant (240) sur la 
base de la quantite totale de largeur de bande attribute au trafic vocal, au trafic de donnees et au trafic de signalisation. 

10 17. Systeme selon la revendication 13, caracterise en ce que la valeur respective de quantum de mise a jour, pour 
chacune de la pluralite de files d'attente (210, 215, 220), contient : 

une valeur nulle lorsque la valeur de quantum disponible est inferieure a zero ; 

la valeurde quantum reservee minim ale pour la periode de mise a jour, plus une valeur de quantum excedentaire 
15 pour la periode de mise a jour, lorsque la valeur de quantum disponible est superieure a la valeur de quantum 

reservee totale ; et 

la valeur de quantum reservee minimale pour la periode de mise a jour, moins une valeur de quantum deficitaire 
pour la periode de mise a jour, lorsque la valeur de quantum reservee totale est superieure a la valeur de 
quantum disponible. 

20 

18. Systeme selon la revendication 17, caracterise en ce que la valeur de quantum excedentaire et la valeur de 
quantum deficitaire correspondent a la qualite de service associee a la file d'attente (210, 215, 220) respective. 

19. Systeme selon la revendication 17, caracterise en ce que la valeur de quantum excedentaire et la valeur de 
25 quantum deficitaire sontproportionnelles a la qualite de service associee a la file d'attente (210, 215, 220) respective. 

20. Systeme selon la revendication 13, caracterise en ce que le systeme (110) est un systeme d'acces multiple a 
large bande. 

30 21. Systeme selon la revendication 13, caracterise en ce que la periode de mise a jour est un intervalle constant de 
mise a jour. 

22. Systeme selon la revendication 13, caracterise en ceque la periode de mise a jour n'est pas un intervalle constant 
de mise a jour. 

35 

23. Systeme selon la revendication 22, caracterise en ce que la periode de mise a jour est une heure courante moins 
I'heure de la derniere mise a jour. 

24. Systeme selon la revendication 13, caracterise en ce que la pluralite de files d'attente (210, 215, 220) contient 
40 une pluralite de paquets qui sont traites en appliquant un algorithme de tourniquet avec deficit (« Deficit Round 

Robin*). 

25. Progiciel d'ordinateur destine a allouer la largeur de bande parmi une pluralite de files d'attente (210, 215, 220), 
dans lequel chacune, dans la pluralite de files d'attente (210, 215, 220), est associee a une qualite de service et 

45 possede une valeur de quantum correspondante, comprenant : 

un support de programme lisible par ordinate ur, integrant du code de programme lisible parordinateur, le code 
de programme lisible par ordinateur calculant une valeur de quantum reservee totale correspondant a des 
paquets places dans la pluralite defiles d'attente (210, 215, 220), pour une periode de mise a jour, sur la base 
50 d'une valeur de quantum reservee minimale de chacune de la pluralite de files d'attente (210, 215, 220) ; 

du code de programme lisible par ordinateur qui determine une valeur de quantum disponible sur la base d'une 
quantite totale de largeur de bande attribuee sur un canal descendant (240) et d'une quantite totale de largeur 
de bande sur le canal descendant (240) ; 

du code de programme lisible par ordinateur qui determine, pour chacune d'une pluralite defiles d'attente (210, 
55 215, 220), une valeur respective de quantum de mise a jour sur la base de la valeur de quantum disponible, 

de la valeur de quantum reservee totale et de la qualite de service associee a la file d'attente (210, 215, 220) 
respective ; et caracterise par 

du code de programme lisible par ordinateur qui met a jour les valeurs de quantum de chacune de la pluralite 
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de files d'attente (21 0, 21 5, 220), a I'aide de la valeur respective de quantum de mise a jour, qui alloue la largeur 
de bande excedentaire a la pluralite de files d'attente (210, 215, 220) lorsque la valeur de quantum disponible 
est superieure a la valeur de quantum reservee totale et qui alloue la largeur de bande deficitaire a la pluralite 
de files d'attente lorsque la valeur de quantum disponible est inferieure a la valeur de quantum reservee totale. 

5 

Patents nsp ruche 

1. Verfahren zum Zuordnen von Bandbreite zwischen mehreren Warteschlangen (210, 215, 220), wobei jede der 
10 mehreren Warteschlangen (21 0, 215, 220) mit einer Servicequalitat verbunden ist und einen entsprechenden Quan- 

tenwert aufweist, wobei das Verfahren folgende Schritte umfasst: 

Berechnen eines reservierten Gesamtquantenwerts, der Paketen entspricht, die in den mehreren Warteschlan- 
gen (210, 215, 220) eingereiht sind, fur eine Aktualisierungsperiode anhand eines reservierten Mindestquan- 

15 tenwerts von jeder der mehreren Warteschlangen (210, 215, 220); 

Bestimmen eines verfugbaren Quantenwerts anhand einer Gesamtsumme der festen Bandbreite an einem 
Vorwartskanal (240) und einer Gesamtsumme der Bandbreite am Vorwartskanal (240); 
Bestimmen, fur jede der mehreren Warteschlangen (210, 215, 220), eines jeweiligen Aktualisierungsquanten- 
wertes anhand des verfugbaren Quantenwertes, des reservierten Gesamtquantenwertes und der Servicequa- 

20 litat in Verbindung mit der jeweiligen Warteschlange (210, 215, 220); und durch Folgendes gekennzeichnet: 

Aktualisieren derQuantenwerte von jeder der mehreren Warteschlangen (210, 215,220) durch den jewei- 
ligen Aktualisierungsquantenwert, der ubermaBige Bandbreite zwischen den mehreren Warteschlangen 
(21 0, 215, 220) zuordnet, wenn derverfugbare Quantenwert groBer als derreservierte Gesamtquantenwert 
25 ist, und der mangelnde Bandbreite zwischen den mehreren Warteschlangen (210, 215, 220) zuordnet, 

wenn derverfugbare Quantenwert kleiner als der reservierte Gesamtquantenwert ist. 

2. Verfahren nach Anspruch 1 , dadurch gekennzeichnet, dass die Quantenwerte der Servicequalitat in Verbindung 
mit der jeweiligen Warteschlange (210, 215, 220) entsprechen. 

30 

3. Verfahren nach Anspruch 1 , dadurch gekennzeichnet, dass der Schritt des Bestimmens des verfugbaren Quan- 
tenwerts folgende Schritte umfasst: 

Berechnen der Gesamtsumme der festen Bandbreite am Vorwartskanal (240); 
35 Berechnen der Gesamtsumme der Bandbreite am Vorwartskanal (240); und 

Bestimmen des Unterschieds zwischen der Gesamtsumme derfesten Bandbreite am Vorwartskanal (240) und 
der Gesamtsumme der Bandbreite am Vorwartskanal (240). 

4. Verfahren nach Anspruch 3, dadurch gekennzeichnet, dass der Schritt des Berechnens der Gesamtsumme der 
40 festen Bandbreite am Vorwartskanal (240) auf einer Gesamtsumme der festen Bandbreite fur Sprachverkehr, Da- 

tenverkehr und Signalverkehr beruht. 

5. Verfahren nach Anspruch 1 , dadurch gekennzeichnet, dass der jeweilige Aktualisierungsquantenwert Folgendes 
umfasst: 

45 

einen Wert von Null, wenn derverfugbare Quantenwert kleiner als Null ist; 

den reservierten Mindestquantenwert fur die Aktualisierungsperiode plus einen Uberquantenwert fur die Ak- 
tualisierungsperiode, wenn derverfugbare Quantenwert groBer als der reservierte Gesamtquantenwert ist; und 
den reservierten Mindestquantenwert fur die Aktualisierungsperiode minus einen Unterquantenwert fur die 
50 Aktualisierungsperiode, wenn der reservierte Gesamtquantenwert groBer als der verfugbare Quantenwert ist. 

6. Verfahren nach Anspruch 5, dadurch gekennzeichnet, dass der Uberquantenwert und der Unterquantenwert der 
Servicequalitat in Verbindung mit der jeweiligen Warteschlange (210, 215, 220) entsprechen. 

55 7. Verfahren nach Anspruch 5, dadurch gekennzeichnet, dass der Uberquantenwert und der Unterquantenwert 
proportional zur Servicequalitat in Verbindung mit der jeweiligen Warteschlange (210, 215, 220) sind. 

8. Verfahren nach Anspruch 1 , dadurch gekennzeichnet, dass das Verfahren in einem Breitband-Mehrfachzugriffs- 
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system realisiert (1 1 0) ist. 

9. Verfahren nach Anspruch 1, dadurch gekennzeichnet, dass die Aktualisierungsperiode ein konstantes Aktuali- 
sierungsintervall ist. 

10. Verfahren nach Anspruch 1 , dadurch gekennzeichnet, dass die Aktualisierungsperiode kein konstantes Aktuali- 
sierungsintervall ist. 

11. Verfahren nach Anspruch 10, dadurch gekennzeichnet, dass die Aktualisierungsperiode eine aktuelleZeit minus 
10 eine Zeit der letzten Aktualisierungsperiode ist. 

12. Verfahren nach Anspruch 1 , dadurch gekennzeichnet, dass die mehreren Warteschlangen (210, 215, 220) meh- 
rere Pakete umfassen, die durch den Einsatz eines Deficit- Round- Robin -Algorithm us ausgefuhrt werden. 

15 13. System (110) zum Zuordnen von Bandbreite, das Folgendes umfasst: 

mehrere Warteschlangen (210, 215, 220), wobei jede der mehreren Warteschlangen (210, 215, 220) mit einer 
Servicequalitat verbunden istund einen entsprechenden Quantenwert aufweist, der konfiguriert ist, urn Pakete 
zu speichern, die vom Netz eingehen; 
20 eine Ausgabewarteschlange (225), die konfiguriert ist, urn Pakete von den mehreren Warteschlangen (210, 

215, 220) zu empfangen und sie zu einem Kanal (240) zu schicken; 

einen Bandbreitenzuordnungskreis (1 20), der konfiguriert ist, urn empfangene Pakete anhand von Anforderun- 
gen an eine Servicequalitat zu klassifizieren und urn die Pakete zu einer der mehreren Warteschlangen (210, 
215, 220) zu leiten, unddereinen Quantenberechnungskreis umfasst, der konfiguriert ist, urn einen reservierten 
25 Gesamtquantenwert zu berechnen, der Paketen entspricht, die in den mehreren Warteschlangen (210, 215, 

220) eingereiht sind fur eine Akzualisierungsperiode anhand eines reservierten Mindestquantenwertes von 
jeder der mehreren Warteschlangen (210, 215, 220), wobei der Bandbreitenzuordnungskreis (120) ferner Fol- 
gendes umfasst : 

30 einen Bandbreitendifferenzialkreis, der konfiguriert ist, urn einen verfugbaren Quantenwert zu bestimmen 

anhand einer Gesamtsumme derfesten Bandbreite an einem Vorwartskanal (240) und einer Gesamtsumme 
der Bandbreite am Vorwartskanal (240); und dadurch gekennzeichnet, dass der Bandbreitenzuordnungs- 
kreis (120) ferner Folgendes umfasst: 

35 einen Quantenaktualisierungskreis, der konfiguriert ist, um die Quantenwerte von jeder der mehreren 

Warteschlangen (210, 215, 220) zu aktualisieren durch einen jeweiligen Aktualisierungsquantenwert, 
der den jeweiligen der mehreren Warteschlangen (210, 215, 220) entspricht, wobei die jeweiligen 
Aktualisierungsquantenwerte auf dem verfugbaren Quantenwert, dem reservierten Gesamtquanten- 
wert und der Servicequalitat in Verbindung mit der jeweiligen Warteschlange (21 0, 215, 220) beruhen, 

40 und die jeweiligen Aktualisierungsquantenwerte CibermaBige Bandbreite zwischen den mehreren War- 

teschlangen (210, 215, 220) zuordnen, wenn der verfugbare Quantenwert groBer als der reservierte 
Quantenwert ist und mangelnde Bandbreite zwischen den mehreren Warteschlangen (210, 215, 220) 
zuordnen, wenn der verfugbare Quantenwert kleiner als der gesamte reservierte Quantenwert ist. 

45 14. System nach Anspruch 13, dadurch gekennzeichnet, dass die Quantenwerte der Servicequalitat in Verbindung 
mit der jeweiligen Warteschlange (210, 215, 220) enzsprechen. 

15. System nach Anspruch 13, dadurch gekennzeichnet, dass der Bandbreitendifferentialkreis Folgendes umfasst : 

50 einen Bandbreitenberechnungskreis, der konfiguriert ist, um die Gesamtsumme derfesten Bandbreite am Vor- 

wartskanal (240) und die Gesamtsumme der Bandbreite am Vorwartskanal (240) und den Unterschied zwischen 
der Gesamtsumme derfesten Bandbreite am Vorwartskanal (240) und der Gesamtsumme der Bandbreite am 
Vorwartskanal (240) zu berechnen. 

55 16. System nach Anspruch 15, dadurch gekennzeichnet, dass der Bandbreitenberechnungskreis (120) ferner kon- 
figuriert ist, um die Gesamtsumme derfesten Bandbreite am Vorwartskanal (240) anhand einer Gesamtsumme der 
teste n Bandbreite fur Sprachverkehr, Datenverkehr und Signalverkehr zu berechnen. 
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17. System nach Anspruch 13, dadurch gekennzeichnet, dass derjeweilige Aktualisierungsquantenwert fur jede der 
mehreren Warteschlangen (210, 215, 220) Folgendes umfasst: 

einen Wert von Null, wenn der verfugbare Quantenwert kleinerals Null ist; 

den reservierten Mindestquantenwert fur die Aktualisie rungs peri ode plus einen Uberquantenwert fur die Ak- 
tualisierungsperiode, wenn der verfugbare Quantenwert groBer als der reservierte Gesamtquantenwert ist; und 
den reservierten Mindestquantenwert fur die Aktualisierungsperiode minus einen Unterquantenwert fur die 
Aktualisierungsperiode, wenn der reservierte Gesamtquantenwert groBer als der verfugbare Quantenwert ist. 

18. System nach Anspruch 17, dadurch gekennzeichnet, dass der Uberquantenwert und der Unterquantenwert der 
Servicequalitat in Verbindung mit der jeweiligen Warteschlange (21 0, 215, 220) entsprechen. 

19. System nach Anspruch 1 7, dadurch gekennzeichnet, dass der Uberquantenwert und der Unterquantenwert pro- 
portional zur Servicequalitat in Verbindung mit der jeweiligen Warteschlange (210, 215, 220) sind. 

20. System nach Anspruch 13, dadurch gekennzeichnet, dass das System (1 1 0) ein Breitband-Mehrfachzugriffssy- 
stem ist. 

21. System nach Anspruch 13, dadurch gekennzeichnet, dass die Aktualisierungsperiode ein konstantes Aktualisie- 
rungsintervall ist. 

22. System nach Anspruch 13, dadurch gekennzeichnet, dass die Aktualisierungsperiode kein konstantes Aktuali- 
sie run gsinterval I ist. 

23. System nach Anspruch 22, dadurch gekennzeichnet, dass die Aktualisierungsperiode eine aktuelle Zeit minus 
eine Zeit der letzten Aktualisierungsperiode ist. 

24. System nach Anspruch 13, dadurch gekennzeichnet, dass die mehreren Warteschlangen (21 0,215, 220) mehrere 
Pakete umfassen, die durch den Einsatz eines Unter-Ringalgorithmus ausgefuhrt werden. 

25. Computerprogrammprodukt zum Zuordnen von Bandbreite zwischen mehreren Warteschlangen (210, 215, 220), 
wobei jede der mehreren Warteschlangen (210, 215, 220) mit einer Servicequalitat verbunden ist und einen ent- 
sprechenden Quantenwert aufweist, wobei es Folgendes umfasst: 

ein computerlesbares Programmmittel, in dem ein computerlesbarer Programmcode ausgefuhrt ist, wobei der 
computerlesbare Programmcode einen reservierten Gesamtquantenwert berechnet, der Paketen entspricht, 
die in den mehreren Warteschlangen (210, 215, 220) eingereiht sind, fur eine Aktualisierungsperiode anhand 
eines reservierten Mindestquantenwerts von jeder der mehreren Warteschlangen (210, 215, 220); 
einen compute rlesbaren Programmcode, der einen verfugbaren Quantenwert anhand einer Gesamtsumme der 
festen Bandbreite an einem Vorwartskanal (240) und einer Gesamtsumme der Bandbreite am Vorwartskanal 
(240) bestimmt; 

einen computerlesbaren Programmcode, der fur jede der mehreren Warteschlangen (210, 215, 220) einen 
jeweiligen Aktualisierungsquantenwert anhand des verfugbaren Quantenwertes, des reservierten Gesamtquan- 
tenwertes und der Servicequalitat in Verbindung mit der jeweiligen Warteschlange (210, 215, 220) bestimmt; 
und gekennzeichnet durch 

einen computerlesbaren Programmcode, derQuantenwertevon jeder der mehreren Warteschlangen (210, 215, 
220) durch den jeweiligen Aktualisierungsquantenwert aktualisiert, der ubermaBige Bandbreite zwischen den 
mehreren Warteschlangen (210, 215, 220) zuordnet, wenn der verfugbare Quantenwert groBer als der reser- 
vierte Gesamtquantenwert ist, und dermangelnde Bandbreite zwischen den mehreren Warteschlangen zuord- 
net, wenn der verfugbare Quantenwert kleiner als der reservierte Gesamtquantenwert ist. 
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